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Close relationships between Merkel cells (Me) and nerve 
endings (NE) exist in the adult mouse. Because MC may 
serve as targets for the ingrowth of NE during embryogen-
esis, the purpose of the present study was to analyze the 
relationship between MC and NE during embryogenesis. 
Frozen tissue from whisker pads and backs of NMRI 
mouse embryos (12-17 d gestational age) were studied by 
double-labeling indirect immunofluorescence (II F) with a 
cytokeratin monoclonal antibody that recognizes MC and 
with a neurofilament anti-serum. Such an approach allowed 
the analysis of a large number of MC (up to 5000), thus 
yielding quantitative data. At day 12 of gestational age, no 
MC were observed by IIF. From day 13 to 17, the number of 
MC, as well as their association with NE, progressively in-
M erkel cells (Me) are morphologically distinct cells, first described by the German anatomist Friedrich Merkel in 1875 [1] . They possess neuro-endocrine features such as dense core granules and show immunoreactivity for VIP, Met-enkephalin 
bombesin, and chromogranin, depending on the species studied 
[2-4]. Their ultrastructure is also characterized by the presence of 
intermediate-size filaments, which appear to be low molecular 
weight cytokeratins, similar to those encountered in simple and 
glandular epithelia [5 - 7] . Me can form desmosomal contacts with 
surrounding keratinocytes. 
In mammals, Me are found mostly in the external root sheath of 
hair follicles and in the epidermal touch corpuscles. In the mouse 
epidermis during embryogenesis, Me are found preferably in the 
isthmic and parafollicular regions of hair follicles, but isolated basal 
interfollicular Me are also encountered in the epidermis (Fig 1). 
As observed by Merkel, Me are often in close association with 
intra-epidermal sensory nerve endings (NE) [1] . In mammals, these 
Me-neurite complexes are widely believed to act as slowly adapting 
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creased. On day 13, only 57% of whisker pad MC were NE 
associated, whereas by day 17, 95% were NE associated. 
These re.sults were confirmed by electron microscopic (EM) 
observatIOns. On the back, the same chronologie relationship 
between MC and NE was observed, but was later in the 
course of embryogenesis. There was also a time- and zone-
dependent increase in MC association with NJ;! in the epider-
mal zones studied (isthmic, parafollicular, interfollicular). 
These observations 1) establish the time course of MC and 
NE contacts during embryogenesis in the mouse epidermis, 
2) show that MC are present in the epidermis and appendages 
before NE reach the epithelium, and 3) support the hypoth-
esis that MC could act as targets for the growing NE.] Invest 
DermatoI95:247-251, 1990 
mechano-receptors [8], whereas in birds, amphibians, and reptiles, 
they have been found to be rapidly adapting mechano-receptors [9] . 
In the vibrissa I hair follicle, the two sets of Merkel endings (isthmic 
and parafollicular) would complement each other to detect a wide 
range of vibrissal deflections [10]. 
In 1981, Scott et al [11 j, working with salamander skin, observed 
that when sensory axons were allowed to innervate new skin that 
had regenerated in the total absence of innervation, they would 
grow towards the Me. They then suggested that Me might also 
serve as targets for the ingrowing axons during embryogenesis, for 
in several different animals, Me had been observed without nerve 
contacts in early fetal stages [12-14]. A key observation in under-
standing this relationship would be ~hether all Me are actua lly 
associated with NE. Oclllal and Suzuki [15] reported only two of 14 
Me (14%) as having such an association, whereas others have found 
that 50 to 80% of Me are nerve associated [16 -18]. All these 
studies, as well as ones addressing the development of Me during 
embryogenesIs [12-14], were performed with electron-micro-
scopic techniques. Although serial sections have been done in some 
selected cases, it remains difficult to assess whether all the observed 
Me were nerve associated or not. 
In the present work we studied the time course of the contact 
between Me and NE during embryogenesis in the mouse epidermis 
using a double-labeling (IIF) technique that allows a more quantita-
tive approach . We completed our observations by studying a few 
whisker pad Me with the EM at each gestational age. 
MATERIALS AND METHODS 
Mouse Specimens Timed pregnant NMRI mice were sacrificed 
by lethal anesthesia with chloroform vapor. Fetuses were removed 
from the uterus, snap frozen in liquid nitrogen, and stored at -70· 
until used. Head and back sagittal sections approximately SJ.l thick 
were made on a cryostat microtome at -25 ·. 
Determination of gestational age was done by the vaginal plug 
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Figure 1. Schematic distribution of Merkel cells in the hair follicle. A, 
isthmic MC; E, parafollicular MC; C, isolated MC interfollicular. 
method: females were examined for vaginal plugs 3 times a day . Day 
1 was considered the day the plug was first seen. 
NMRI mouse embryos 12, 13, 14, 15, 16 and 17 d of gestational 
age were used. Three embryos for each gestational day were studied. 
Seven sections per specimen and per site (whisker pad and back) 
were prepared. 
Double-Labeling Indirect IF Frozen sections of mouse embryo 
were incubated for 30 min at room temperature with RGE 53 (di-
luted 1 :5) (Bio-Science Products, Emmenbriicke, Switzerland) [19], 
a monoclonal antibody directed against cytokeratin number 18 and 
previously shown to react against MC in the epi~ermis [6]. The 
slides were then washed 111 phosphate-buffered sall11e (PBS) solu-
tion, pH 7.2, for 30 min, incubated with fluorescein isothiocyanat~­
labeled goat anti-mouse IgG (Sigma Laboratories, Sal11t-LoUlS, 
MO), and washed again for 30 min in PBS. The sections were then 
incubated with anti-neurofilament rabbit polyclonal serum R 39, 
kindly provided by Dr. D. Dahl (West Roxbury, MA). This al~ti­
serum has been shown to react with three neurofilament subumts: 
70, 150, and 220 kD. [20]. 
Sections were again rinsed for 30 min in PBS and incubated with 
rhodamine-labelled goat anti-rabbit IgG, diluted 1:20 (Cappel Lab-
oratories, West Chester, PA). After being washed for 30 min in 
PBS, the sections were mounted in buffered glycerol and examined 
on an episcopic fluorescence microscope (Zeiss). Micrographs were 
taken with high-speed Ektachrome ASA 400 film. 
Semi-Thin Sections and EM Selected srecimens of whisker 
pad from embryos 12, 13, 14, 15, and 16 d 0 gestational age were 
fixed in phosphate-buffered glutarald~hyde, postfixed. in 1.33% 
collidine-buffered Os04 aqueous solutions, dehydrated 111 acetone, 
and embedded in Araldite. Semi-thin sections 0.5 - 1 f1 were stained 
with methylene blue or Giemsa stain. Ultra-thin sections were cut 
with a Reichert OM-U3 ultramicrotome, stained in uranyl acetate 
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and lead citrate, and examined with a Philips EM 300 electron 
microscope at 80 kV. 
MC Count U sing the fluorescence microscope, we considered 
that a MC was associated with a NE when we identified either a 
close association between the MC and the NE, or when a NE di-
rected toward a MC would be situated within a distance of 10,u from 
the cell. Ten microns is about the size of a MC, and was therefore a 
convenient way of determining the longest acceptable distance 
from the NE to the Me. 
Statistical Analysis The results from the IIF study were com-
pared with an analysis of variance followed by a Duncan test. 
RESULTS 
Indirect Immunofluorescence We counted more than 5000 
RGE 53 - positive MC and observed their relationship with NE. 
The results for each gestational day and location are shown in 
T ables I and II. 
Morphology and Topography: On day 12, no immunoreactive MC 
was observed in any location. On day 13, they were first seen on the 
whisker pad in the external root sheath of vibrissal hair follicl es: 
137,212, and 26 MC were found in each of the 3 specimens, with 
97, 150, and 8 MC, respectively, associated with NE. On day 15, 
MC were first detected on the back (Table I): 97, 46, and 20 MC 
were observed in each of the 3 specimens, with 55, 35, and 12 MC, 
respectively associated with NE. 
The appearance of MC by IIF varied throughout embryogenesis. 
On days 13 and 14, they showed numerous thread-like, sometimes 
branched, cell processes which were shorter and fewer on subse-
quent days (Fig 2). 
In general, the nerve fibers innervating the MC were intraepider-
mal and basal, but in the parafollicular zones we could see nerve 
fibers contacting the basal MC and then ramifying and wandering 
in the upper epidermal layers. 
In all the sections studied by IIF, we observed very few isolated 
intra-epithelial NE. Most of them were in the vicinity of, or had 
close contacts with, the RGE 53 - positive cells. In the dermis, we 
never observed any isolated or nerve-associated RGE 53 - positive 
cell. 
Qualltitive Analysis: The total number ofMC, as well as the degree 
of their association with NE, progressively increased in the course 
of embryogenesis: 57.6% of the whisker pad Me were associated 
with NE on day 13, and up to 95% on day 17 (Table I) 
(Figs 3 - 5). 
In the back specimens, we did not detect any immunoreactive 
MC on days 13 and 14. From day 15 on, there was an increase in 
MC-NE association, although delayed in comparison to that seen in 
the whisker pad (Table I) (Fig 6). 
MC appeared in different anatomical localizations (whisker pad, 
back) according to a time gradient. In the same way, there was a 
"time- and zone-dependent" increase in the association of MC with 
NE. We studied this difference between the zones in the whisker 
pad (Table II). 
Table I. Relationship Between MC and NE during Embryogenesis on the Mouse Whisker Pad and Back. 
Gestational Age 
(days) 
12 
13 
14 
15 
16 
17 
Total # MC 
0 
559 
706 
1341 
541 
753 
Whisker Pad" 
MC+NE 
0 
322 
429 
1003 
447 
715 
" Total number of MC from whisker pads studied: 3900. 
'Total number of Me from backs studies: 1306. 
, P < 0.00 I (significa nt diffcrCllCe between consecut ive days). 
%NE' 
Associated MC 
0 
57.6 
60.8 
74.8 
82.6 
95.0 
Backb 
%NE' 
Total # MC MC+NE Associated Me 
0 0 0 
0 0 0 
0 0 0 
488 301 61.7 
331 275 83.1 
487 413 84.8 
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Table II. Time Course of the Relationship Between MC and NE in Three Epidermal Zones 
During Embryogenesis in the Mouse Whisker Pada 
Isthmic 
Gestational Total # % NEb., Total # 
Age (days) MC MC+NE Associated MC MC 
12 0 0 
13 375 255 58 71 
14 539 359 69 50 
15 835 687 83 235 
16 272 245 90 72 
17 557 532 95 70 
• Total number of MC studied: 3900. 
; p < 0.001 (significant difference between consecutive days). 
, p < 0.001 (significant difference between the zones on the same day). 
In all zones, there were more MC with nerve contacts at day 17 
than at day 13. Furthermore, it seemed that during the first three 
days of embryogenesis studied (days 13 -15), MC are contacted by 
NE according to a sequence: first the isthmic MC, then the parafol-
lieular ones, and fina ll y the interfollicular MC (Table II). 
The differences observed between two consecutive days are sig-
nificant (p < 0.001 for the whisker pad and the back). The differ-
ences between the three zones on the same day are also significant (p 
< 0.001 for the whisker pad) . 
EM Findings Six to 30 MC were studied per day of embryogen-
esis . At day 12, we could observe some scarce cells possessing typica l 
Me dense-core granules. Most were located in close contact with 
the basal lamina and showed fairly ova l nuclei with regular con-
tours, rough and smooth endoplasmic reticulum, free ribosomes, 
and numerous mitochondria . Desmosomes with surrounding kera-
tinocytes were present but scarce. Thin intermediate-size filaments 
could be seen in most cell s. On the sections studied, we did not 
observe any intra-epidermal nor dermal NE approaching the basal 
lamina. The dense-core granu les were scarce, dispersed throughout 
the cytoplasm. As embryogenesis continued, the number of MC 
increased progressively. At day 13, we first saw a NE crossing the 
basal lamina and growing towards a MC process filled with dense-
core vesicles and fibrils. On that day, however, most basal MC were 
devoid of nerve endings in their surroundin gs (Fig 7). On some day 
Figure 2. Vibrissal hair follicle at day 14. Two Merkel cells (arrow) with 
long ce ll processes; nerve end in g (arrowhead). Magnification X250 with 
fi lter Zeiss BP 450-490 for FITC. Because the rhodamine staining was 
strong, the nerve endings are visible with the FITC filter. 
Parafollicubr Interfollicular 
% NEh·' Total # % NEb., 
MC+NE Associated MC MC MC+NE Associated MC 
0 
31 45 113 36 32 
22 44 117 48 41 
166 71 271 150 55 
60 83 197 142 73 
68 97 126 115 89 
14 sections, we could already see clusters of basa.l Me. The cel ls 
progressively assumed a more mature appearance and were con-
tacted by NE. We did not observe any cell having a transitiona l 
appearance [21,22] in the mouse whisker pad, as has been described 
for some other animals. On some day 14 sections, derma l axons 
appeared to be losing their Schwann sheaths a few micrometers 
away from the epidermis. The MC dense-core granules were some-
times polarized within the basal pole of the cell or towards the site of 
contact with a NE. On day 15, we observed for the first time a NE 
directl y apposed to a Me. It contained mitochondria, clear-core 
ves icles, and fibrils. We did not see any synaptic structure, like a 
membrane thickening or an electron-dense cleft. We did not find 
any derma l MC on our EM sections. 
DISCUSSION 
C lose rela tionships between MC and NE exist in the adult mouse. 
Because MC may serve as targets for the growth of NE during 
embryogenesis, the purpose of this study was to use IIF to analyse 
the relationships between MC and NE in the course of embryogen-
esis. This technique allowed us to have a better overview of the 
behavior ofMC and NE during embryogenesis, as time-consuming 
quantitative studies with EM would not have been feasible. How-
ever, the precise contacts between MC and NE could not be visua l-
ized, because such observations are beyond the resolving power of 
Figure 3. Whisker pad hair fo ll icle at day 15. Isthmic Merkel cells (arrow) 
in close contact with nerve endings (arrowhead). Magnification X250 with 
filter Zeiss BP 450-490 for FITC. 
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F igure 4. Diagonal transversal section of a vibrissal hair follicle at day 16. 
Merke l ce ll (arrow), nerve ending (arrowhead) coming from the deep vibrissal 
nerve, mesenchymal condensation (dot). Magnification X250 with filter 
Zeiss 450-490 for F1TC. 
the fluorescence microscope. W e ~herefore completed our observa-
tions with EM sections of the whIsker pad at each day of embryo-
genesis studied. 
With the EM on day 12, we first saw cells possessing the typica l 
dense-core granules, but using lIF, saw no RGE 53-positive cells. 
From the negative IfF staining for RGE 53 at day 12, when EM 
identified MC, we suggest that keratin number 18 was not yet 
expressed or was in amounts too minute to be detectable, as sug-
gested by Moll et al for human MC in early fetal stages [23]' We did 
not do EM with immunogold staining, which would have been 
more se nsi tive. OUf differences in findings by the two techniques 
could also be explained by sampling differences between the speci-
mens examined by IIF and those examined by EM. No nerve end-
ings were seen in the epidermis on day 12 with either technique. By 
IlF, only large R 39 - positive nerve trunks and their branches rami-
fying towards the epidermis were stained. This finding is in agree-
ment with previous observations during embryogenesis in sheep 
[1 2], rat [1 3J, and monkey epidermis [14J, in which MC were found 
Figure S. Vibrissal hair follicle Merkel cell (arrow) in close contact with 
nerve endings (arrowhead) at day 16. Magnification X400 with filter Zeiss BP 
450-490 fo r FITC. 
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Figure 6 .. Back epidermis with a Merkel ~ell (arrow) , in close contact with , 
nerve cndll1g (arrowhead) at day 16. Magl1lficanon X400 WIth filter a) Ze~ 
BP 450-490 for FITC; b) Zeiss BP 546/1 2 for rhodamine. 
without close association with-an intra-epithelial NE during th~ 
first 1 to 2 d of their morphogenesis. Our study further demon, 
strate? this in a quantitative way. These observations speak agains~ 
Hash1l110to's hypothesis [24] that Me originating from the neuro, 
e~todenn would migrate into the skin with the growth of the pe, 
npheral nerve and finally settle in the basal layer of the epidermis, 
Breathnach [25, 26J has previously suggested that MC were immi, 
gra?t elements into the epidermis because he had found MC at 
varIOUS sub-epIdermal levels, sometimes apparently crossing th~ 
epidennal-dermaljunction. But in the mouse whisker pad and bac~ 
,:"e counted more than 5000 MC using IIF, yet none was clearl , 
llltra-de:mai. Furthermore, we did not find any dermal Me on o~ 
EM sect.lOns .. How~ver, Moll et al [6,23J , analyzing the distributio~ 
of MC III epIdermIs and dermis of plantar skin of human embryo~ 
and fetuses, found that in very early stages Me are first encountere~ 
only in the epidermis. From week 13 011, some dermal Me, whos 
number will increase during the later weeks, can be observed. Molt 
et al suggest that epidermally derived MC might migrate from th~ 
epidermis into the dermis. According to Nafstadt [27J, the dermat 
MC could represent cells being eliminated from the epidermis in ~ 
dying process. 
In the present study, both IIF and the EM have identified ~ 
putatively growing towards epidermal Me. This raises the questio~ 
of the target role of Me during embryogenesis, as has already bee~ 
proposed by several authors (6,11, 14,28,29J. Me would have rol~ 
as targets during the ultimate growth phase of type I nerve fibers at 
the time of the terminal arborization, because large nerve trunks ar~ 
already present in the maxillary process before MC appear in th~ 
epidermis [29 ,30]. Me could be trophic for growing nerve termi. 
nals, possibly via the secretion of a diffusable substance. 
In vitro experiments by Lumsden and Davies [31 ,32] showC(j 
interesting findings concerning the influence of whisker pad epi. 
thelium 011 growing afferent neurites from the trigeminal ganglion. 
They found that developing neurites from the mouse trigeminal 
ganglion grow directly to their peripheral target in vitro [31), and 
that this chemotrophic effect is precisely limited to the trigeminal 
system [32]. Moreover, when tri geminal ganglia are co-cultured 
with isolated tissue layers of their target, neurites grow only towards 
the epithelium and not towards the mesenchymal component. 
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Figure 7. Merkel ce ll (Me) at day 13 located wilhin the basa l cell layer in 
close contact with the basal membrane (arro w) and possess ing the typical 
dense-core granules (arroll/head). Scale bar, 2 11 . 
T herefore, it seems that trigeminal epithelium is specified to attract 
correct innervation , and one can hypoth esize that Me present in 
this epithelium exert this attractive role for the sprouting NE in 
their ultimate growth phase. 
The observations made in the present study, showing that many 
Me initiall y not NE associated will develop close contacts with NE 
during embryoge nesis, are well in line with this hypothesis. 
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